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DXWRPRWLYH LQGXVWU\ &5&$PDWHULDO SOD\V DQ LPSRUWDQW UROH DPRQJ YDULRXV RWKHUPDWHULDOV 7KLFNQHVV RI VKHHWV
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,Q DXWRPRWLYH LQGXVWULHV 56: SOD\V DQ LPSRUWDQW UROH LQ MRLQJ WKH VKHHW PHWDOV 7KHUH LV D JUHDW GHPDQG IRU
REWDLQLQJJRRGTXDOLW\ZHOGMRLQWLQRUGHUWRKDYHGHIHFWIUHHSURGXFW&DUERG\ LV PDGHXSRIGLIIHUHQWVKHHW PHWDO
WKLFNQHVVZKLFK UHTXLUHVSURFHVVSDUDPHWHU WREHYDULHG $O-DGHU HWDO 3URFHVV SDUDPHWHUV OLNHZHOGLQJ
FXUUHQWWLPHDQG SUHVVXUH DUH FORVHO\FRQWUROOHGWRREWDLQVXSHULRU ZHOG TXDOLW\ $VWXG\ LV FDUULHGRXWE\YDU\LQJ
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ZHOGLQJSDUDPHWHU LVGHWHUPLQHGXVLQJ7DJXFKLH[SHULPHQWDOGHVLJQPHWKRG 8JXU(VPH 2QVLPLODUJXLGH
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 RUWKRJRQDODUUD\LVXVHGWRGHWHUPLQH6WUHQJWKWR
1RLVH 61 UDWLR IRURSWLPXPSURFHVVSDUDPHWHUV
,QDXWRPRWLYHLQGXVWULHVVXVWHQDQFHRIVSRWZHOGLQJLVLPSRUWDQW 6XVWDLQDELOLW\IDFWRUVOLNHYROWDJHFXUUHQWIRUFH
ZDWHUFRROLQJUDWHPDWHULDOWKLFNQHVVDUHHYDOXDWHGE\XVLQJ VRIWZDUH SDFNDJH6253$6$QGHOHFWURGHFXUUHQWDQG
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 'XULQJVSRWZHOGLQJH[SXOVLRQLVDPDMRUIDFWRU
VWXG\ RI WKH HIIHFW RI WLPH RQ H[SXOVLRQ LV FDUULHG RXW +ZDQJD HW DO  $QG WR UHGXFH H[SXOVLRQ WKURXJK
HOHFWURGHIRUFHDQGFXUUHQWLVVWXGLHG
6LPXODWLRQWHFKQLTXHVDUHXVHGDORQJZLWKH[SHULPHQWDOWULDOVWRDUULYHDWVXLWDEOHSURFHVVSDUDPHWHUV ,QOLWHUDWXUH
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SURFHVVXVLQJ$16<6 VRIWZDUH,QWKLV VWUHVVGLVWULEXWLRQ 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 WHPSHUDWXUHDQGSKDVHWUDQVIRUPDWLRQ
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 LQWKHZHOGPHQWDQGWKHLUFKDQJHVLQ56:SURFHVVDUHREVHUYHG 6LPLODUO\ ILQLWH
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<HXQJ HWDO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0DMRU VWXGLHVDUHFDUULHG RXWRQGLIIHUHQWPDWHULDOV DQG WKLFNQHVV OLNH UHIUDFWRU\DOOR\0R±5H ZW VKHHW
ZLWKDPPJDXJH;XHWDODOXPLQLXPDOOR\VKHHW RIPP =HGDQ DQG7DOLE  DQG DOXPLQLXP
DOOR\VKHHW- RIPP .LPHWDO 7KHHIIHFWRIWKHZHOGLQJWLPHRQWHQVLOHWHVWRIPPPLOGVWHHO0G
,EUDKLP DQG FKURPDWHPLFURDOOR\HGVWHHOVKHHWVRIPPWKLFNQHVVHVDUHLQYHVWLJDWHGXVLQJUHODWHGSHULRG
GLDJUDP$VODQODUHWDO
)URPDERYHOLWHUDWXUH LWFDQEHREVHUYHGWKDWZHOGWLPHFXUUHQWDQGHOHFWURGHIRUFHSOD\VDYLWDOUROHLQREWDLQLQJ
JRRGTXDOLW\ZHOG %XWD PLQLPDO ZRUN LV UHSRUWHG RQ&5&$VKHHWVLQYROYLQJPPVKHHWWKLFNQHVV7KHUHIRUH WKH
SUHVHQWVWXG\ DLPV DW LPSOHPHQWLQJIXOOIDFWRULDO'2(WHFKQLTXH IRUSURFHVVYDULDEOHVXFKDVZHOGWLPHDQGFXUUHQW
WR FDUU\ RXW WKHUPDO DQDO\VLV ([SHULPHQWDO WUDLOV IRU VDPH '2( YDOXHV DUH DOVR FDUULHG RXW IRU DQDO\]LQJ ZHOG
VWUHQJWK
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1XPHULFDOFDOFXODWLRQVDUHFDUULHGRXWIRU HYDOXDWLQJQXJJHWGLDPHWHUDUHDYROXPHDQGPDVV7KHFDOFXODWLRQVDUH
IRU PPVKHHWRQO\7KHPDWHULDOSURSHUWLHVRIWKHVHOHFWHG&5&$VKHHW DUHREWDLQHGIURP&DPEULGJH(QJLQHHULQJ
6RIWZDUHZKLFK LVSURYLGHG LQ 7DEOH 
7DEOH  0DWHULDO3URSHUWLHV
6O 1R 3URSHUW\ 'HVFULSWLRQ
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 (DFKVKHHW WKLFNQHVV PP
8VLQJWKHYDOXHVIURP 7DEOH QXPHULFDOFDOFXODWLRQVDUHFDUULHGRXWWRHYDOXDWHKHDWUHTXLUHGWRPHOWWKHPDVVRI
WKH QXJJHW DW WKH LQWHUIDFH RI WZR VKHHWPHWDOV (OHFWURGH GLDPHWHU LV HYDOXDWHG WR DUULYH DW KHDW UHTXLUHG 7KHQ
QXJJHWGLDPHWHULVFDOFXODWHGXVLQJHOHFWURGHGLDPHWHU
7KH HPSLULFDO UHODWLRQV IURP OLWHUDWXUH IRU HYDOXDWLQJ HOHFWURGH µ'¶ <HXQJ DQG 7KRUWRQ  DQG QXJJHW
GLDPHWHUµG¶ :HPDQDUH JLYHQ LQ (T DQG  UHVSHFWLYHO\
ൌ ξ כ ͷ ሺͳሻ
ൌ ξ כ Ͷ ሺʹሻ
)URP (T  DQG  HOHFWURGHGLDPHWHUDQGQXJJHWGLDPHWHU DUH IRXQGWREHPPDQGPPUHVSHFWLYHO\ $UHD
DQGYROXPHRIWKHQXJJHWDUHHYDOXDWHGE\XVLQJ (TV DQG
݄ ൌ ͲǤ͹ͺͷ͵ כ ሺ͵ሻ
݄ ൌ ݄ כ ݄ ݄ ሺͶሻ
7KHDUHDDQGYROXPHRIQXJJHW DUH IRXQGWREH H P DQGHP UHVSHFWLYHO\ E\VXEVWLWXWLQJWKHYDOXHIURP
(T 7KHPDVVRIWKHQXJJHWZKLFKLVWREHPHOWHGLVSURYLGHGLQ (T 
݄ ൌ ݄ כ ሺͷሻ
0DVVRIWKHQXJJHWWREHPHOWHGLV IRXQGWREHHNJZKLFKLVREWDLQHGE\PXOWLSO\LQJGHQVLW\IURP7DEOH
DQGYDOXH IURPWKH (T 
7KH (T SURYLGHVWKHYDOXHRIKHDWUHTXLUHGWRPHOWWKHPDVVRIQXJJHWZKLFKLVREWDLQHGE\PXOWLSO\LQJPDVVRI
WKHQXJJHWREWDLQHGIURP (T VSHFLILFKHDWYDOXHIURPWKH 7DEOH DORQJZLWKFKDQJHLQWHPSHUDWXUH
ൌ כ ݄ כ ο ሺ͸ሻ
7R IRUPWKHQXJJHWEHWZHHQVKHHWPHWDOVWKHPDWHULDOVDWWKHLQWHUIDFHKDYHWRXQGHUJRFRPSOHWHPHOWLQJ,QRUGHU
WRDFKLHYHFRPSOHWHPHOWLQJWKHULVHLQWHPSHUDWXUHǻ7KDVWREH & IURP 7DEOH  7KXV WRPHOW HNJ RI
PLOGVWHHOQXJJHWPDWHULDO N-RIKHDWLVUHTXLUHG
:KHQ DQHOHFWULFFXUUHQWLVSDVVHGWKURXJKFRQWDFWVSRWVWKHWHPSHUDWXUHULVHLVREVHUYHG7KHFRQWDFWUHVLVWDQFHLV
GHSHQGV XSRQ VXUIDFH URXJKQHVV KDUGQHVVRI WKHPDWHULDO LPSXULWLHV R[LGH OD\HU ORDG DQG WHPSHUDWXUH$PRQJ
WKHVHWKHWHPSHUDWXUHDQGPDWHULDOKDUGQHVVDUHGHSHQG XSRQ RQHOHFWULFLW\ :HL DQG:X  7KHWUDQVIRUPHULQ
56:PDFKLQHVWHSVGRZQWKHVXSSO\YROWDJHDQGLQFUHDVHWKHVHFRQGDU\FXUUHQW 7KH VHFRQGDU\FXUUHQWV DUHLQWKH
RUGHURIWKHVHYHUDOWKRXVDQGV RIDPSHUH DQGLWLV SUDFWLFDOO\GLIILFXOWWRPHDVXUHWKHVHFXUUHQWOHYHOV7KHVHFRQGDU\
FXUUHQWVDUHDQDO\WLFDOO\REWDLQHGXVLQJ WKH WUDQVIRUPHU UDWLR 8JXU(VPH ,Q WKHSUHVHQW VWXG\ WKHSULPDU\
FXUUHQWYDOXHVDUHFROOHFWHGIURP 2(0 DQGVHFRQGDU\FXUUHQWV DUHFDOFXODWHGIURPWKH (T 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+HDWJHQHUDWHGLVFDOFXODWHGIURP(T,WLVGRQHIRUDOOWDSLQJE\FRQVLGHULQJ VHFRQGDU\ FXUUHQWREWDLQHGIURP
(T DQGWRWDOUHVLVWDQFHRIWKHVHWXSDQGWLPH GXUDWLRQRIFXUUHQWVXSSO\7KHWRWDOUHVLVWDQFHRIVHWXSLQFOXGHV
EXONUHVLVWDQFHRIHOHFWURGHVKHHWPHWDO DQGLQWHUIDFH UHVLVWDQFHEHWZHHQZRUNSLHFHHOHFWURGHDQGEHWZHHQZRUN
SLHFHZRUN SLHFHV $VODQODUHWDO
ൌ כ כ ሺͻሻ
ൌ ͶͲΨ כ כ כ ሺͳͲሻ
:KHUH
4FDOF  +HDWJHQHUDWHGGXHWRFXUUHQW
,  &XUUHQW6XSSOLHG
5  7RWDOUHVLVWDQFH
7  7LPHGXUDWLRQRIFXUUHQWVXSSO\
$FWXDOKHDWWUDQVIHULVJLYHQE\(TDQGLVRQO\ RIWKHFDOFXODWHGKHDWJHQHUDWHG7KLVLVGXH WR WKHKHDW
ORVV WR WKH VXUURXQGLQJ 'XULQJ ZHOGLQJ SURFHVV ERWK EXON UHVLVWDQFH DV ZHOO DV FRQWDFW UHVLVWDQFH ZLOO YDU\
DFFRUGLQJWRWHPSHUDWXUHDQGZHOGIRUFH :HL DQG:X 
,WLVREVHUYHG IURPWKHOLWHUDWXUHDQGVLPXODWLRQV LVWKDWVKRUWHUZHOGWLPHDQGFXUUHQWZLOOQRWKDYHVXIILFLHQWWLPH
WRKHDW XS WKH LQWHUIDFH UHJLRQEHWZHHQ WKH VKHHWV WR DFKLHYH WKHPHOWLQJ WHPSHUDWXUH WKHUHE\ UHGXFLQJ WKH ZHOG
VWUHQJWK DW WKH MRLQWV $QG ZKHQ ZHOGLQJ FXUUHQW LV WRR KLJK GXH WR RYHUKHDWLQJ DW ZHOG MRLQWV LW ZLOO UHVXOWV LQ
H[SXOVLRQ+ZDQJDHWDO &RQVLGHULQJWKHVHWZROLPLWDWLRQDIXOOIDFWRULDO'2( LV GHVLJQHGIRUFRQGXFWLQJ
WKHQXPHULFDODQDO\VLV '2(WHFKQLTXHVHQDEOH WRGHWHUPLQHVLPXOWDQHRXVO\WKHLQGLYLGXDODQGLQWHUDFWLYHHIIHFWVRI
PDQ\ IDFWRUV WKDW FRXOG DIIHFW WKH RXWSXW UHVXOWV '2( DOVR SURYLGHV D FRPSOHWH LQVLJKW RI LQWHUDFWLRQ EHWZHHQ
YDULDEOHV'2(KHOSV WRSLQSRLQW WKH VHQVLWLYH SDUDPHWHUV ZKLFK FDXVHV SUREOHPV LQ H[SHULPHQW 7KH QXPEHURI
YDULDEOHVHOHFWHGIRUWKH'2(DUH FXUUHQW DQGZHOGF\FOH 7RKDYHDZLGHUUDQJHZHOGF\FOHRIVHWLHDQG
VHFRQGVDUHVHOHFWHGDORQJZLWKVHWRIVHFRQGDU\FXUUHQWLH$ $$$
$ IXOO IDFWRULDOPHWKRGRI'2(FRYHUV DOO FRPELQDWLRQ RI LQSXW YDULDEOHZKLFK DIIHFW WKHRXWSXW SURFHVV ,Q WKLV
VWXG\  VHWV RI IXOO IDFWRULDO'2( DUH FRQVWUXFWHG ,W FDQ EH QRWLFH IURP 7DEOH  WKDW DPRQJ  WDSLQJ RQO\ IRXU
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WDSLQJV DUH VHOHFWHG $V WDSLQJDQGERWKKDYHVDPHVHFRQGDU\FXUUHQWRI$7KXV WK WDSLQJIURPWKH 7DEOH 
LVQRWFRQVLGHUHGIRUJHQHUDWLQJ'2(WDEOH
7DEOH  )XOOIDFWRULDO'2(IRU56:
6O1R &XUUHQW$ 7LPHVHF
  
  
  
  
  
  
  
  
  
  
  
  
8VLQJ'2(YDOXHVJHQHUDWHGLQ 7DEOH  DQGVXEVWLWXWLQJWKHVHYDOXHVRIFXUUHQWDQGWLPHLQ (TUHVXOWV LQKHDW
JHQHUDWLRQDWWKHLQWHUIDFHRIWZRVKHHWPHWDOV DV VKRZQLQ 7DEOH 
%\FRPSDULQJWKHYDOXHVLQ 7DEOH  ZLWKWKHYDOXHREWDLQHGIRUKHDWJHQHUDWHG IURP (T LWLVREVHUYHGWKDW4
4 LQ'2(DQG444 LQ'2(KDVKHDWWUDQVIHUYDOXHHTXDOWRRUJUHDWHUWKDQWKHYDOXHREWDLQHGIURP
HTXDWLRQLH  N-ZKLFKLVUHTXLUHGWRPHOWWKHPDVVRIWKHQXJJHW7KXVLW LV HYLGHQWWKDW SDUDPHWHUVIURP
'2(DQG'2(DUH XVHGWRFDUU\RXWVLPXODWLRQ
7DEOH  )XOOIDFWRULDO'2( YDOXHV
'2(1R ,GHQWLILFDWLRQQR +HDWWUDQVIHU9DOXHV
'2(
 Ǥ ൌ ͲǤͶ כ ሺʹ͹ͷͲሻ כ ͲǤͳ͵ כ ͲǤ͵ N-
 Ǥ ൌ ͲǤͶ כ ሺʹ͹ͷͲሻ כ ͲǤͳ͵ כ ͲǤͶ N-
 Ǥ ൌ ͲǤͶ כ ሺʹ͹ͷͲሻ כ ͲǤͳ͵ כ ͲǤͷ N-
'2(
 Ǥ ൌ ͲǤͶ כ ሺʹͻ͵͵ሻ כ ͲǤͳ͵ כ ͲǤ͵ N-
 Ǥ ൌ ͲǤͶ כ ሺʹͻ͵͵ሻ כ ͲǤͳ͵ כ ͲǤͶ N-
 Ǥ ൌ ͲǤͶ כ ሺʹͻ͵͵ሻ כ ͲǤͳ͵ כ ͲǤͷ N-
'2(
 Ǥ ൌ ͲǤͶ כ ሺ͵͵ͲͲሻ כ ͲǤͳ͵ כ ͲǤ͵ N-
 Ǥ ൌ ͲǤͶ כ ሺ͵͵ͲͲሻ כ ͲǤͳ͵ כ ͲǤͶ N-
 Ǥ ൌ ͲǤͶ כ ሺ͵͵ͲͲሻ כ ͲǤͳ͵ כ ͲǤͷ N-
'2(
 Ǥ ൌ ͲǤͶ כ ሺ͵ͻʹͺሻ כ ͲǤͳ͵ כ ͲǤ͵ N-
 Ǥ ൌ ͲǤͶ כ ሺ͵ͻʹͺሻ כ ͲǤͳ͵ כ ͲǤͶ N-
 Ǥ ൌ ͲǤͶ כ ሺ͵ͻʹͺሻ כ ͲǤͳ͵ כ ͲǤͷ N-
7KHUPDO DQDO\VLV VLPXODWLRQV DUH FDUULHG RXW IRU VHOHFWHG SDUDPHWHUV IURP 7DEOH  7RWDOO\ VL[ VLPXODWLRQV DUH
FDUULHGRXW IRU GLIIHUHQWLQSXWFRQGLWLRQV &RQGLWLRQV IRUHDFKVLPXODWLRQDUH JLYHQLQ 7DEOH 
 6LPXODWLRQ
6SRWZHOGLQJPRGXOHRI 6<6ZHOG LVXVHGIRUVLPXODWLQJWKHVSRWZHOGLQJ 7KHVHVLPXODWLRQVKHOS LQDQDO\]LQJWKH
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HIIHFWRILQSXWYDULDEOHRQRXWSXW UHVXOWV,QSDUWLFXODU WKHHIIHFWVRILQSXWYDULDEOHVXFKDVFXUUHQWHOHFWURGHIRUFH
KROGLQJWLPHDUHVWXGLHGWKURXJKWKHUPDODQDO\VLV ,Q WKLVDQDO\VLVWKHIROORZLQJRXWSXWVDUH DYDLODEOH
x 7HPSHUDWXUHGLVWULEXWLRQ
x +HDW $IIHFWHG =RQH
x 3KDVHWUDQVIRUPDWLRQ
x 1XJJHWGLPHQVLRQV
7DEOH 6HOHFWHGSDUDPHWHUVRI'2(IRUVLPXODWLRQ
'HVFULSWLRQ 36HW 36HW 36HW 36HW 36HW 36HW
&XUUHQW$      
)UHTXHQF\+]      
)RUFH1      
$SSOLFDWLRQ&\FOH 6HFRQGV      
(DFK 6KHHW7KLFNQHVVPP      
)RUWKHVLPXODWLRQ WKHVKHHWPHWDORIPPLV FRQVLGHUHGWKHPDWHULDOGDWDRIWKHVKHHWPHWDOXVHG DUH SURYLGHGLQ
WKH 7DEOH7KHVHRXWSXWV DUH XVHGWRDQDO\]HDQGFRPSDUHUHVXOWVZLWKQXPHULFDOO\REWDLQHGYDOXHV6L[VLPXODWLRQV
DUH FDUULHGRXWDQGWKHLQSXWVIRUVLPXODWLRQVDUHSURYLGHGLQ 7DEOH 
)RUDOO VL[ VLPXODWLRQV FRQVWDQW IRUFH RI1 LV DSSOLHGRQWKHVKHHWPHWDOVZKLFKLVJHQHUDWHGGXHWRHOHFWURGH
IRUFH7KHVHVL[ VLPXODWLRQV DUH FDUULHGRXW IRUFXUUHQWYDU\LQJ IURP$DORQJZLWKYDU\LQJDSSOLFDWLRQ
WLPHRI  VHFRQGV7KHVHDUH FODVVLILHGXQGHU WKHQDPHRI36HWDV UHIHUUHG LQ 7DEOH  $PRQJ DOO VL[
VLPXODWLRQV UHVXOWRIVLPXODWLRQ36HW LV H[SODLQHG LQGHWDLO
 6LPXODWLRQ RI 36HW
)RU WKHVLPXODWLRQ36HWYDULDEOHSDUDPHWHUFXUUHQWRI$ LV FRQVLGHUHGIRUDSHULRGRI VHFRQGV $XQL
GLUHFWLRQHOHFWURGH IRUFHRI1 LV DSSOLHGRQ WR WKH VKHHWPHWDO 7KH HGJHVRI WKH VKHHWPHWDODUH IL[HG LQDOO
GHJUHHRIIUHHGRPZKLFKUHSUHVHQWVWKHFODPSLQJIRUFH 0RVKD\HGL DQG6DWWDUL
)LJ  7HPSHUDWXUH GLVWULEXWLRQRI36HW
7HPSHUDWXUH GLVWULEXWLRQ DW WKH VKHHWPHWDO LQWHUIDFH GXULQJ VSRWZHOGLQJ LV SURYLGHG LQ WKH )LJ  $ PD[LPXP
WHPSHUDWXUHRI&LVDFKLHYHGLQDQGDURXQGWKHUHJLRQRIQRGHQXPEHUZKLFKLVDWWKHLQWHUIDFH RIWZR
VKHHWPHWDOV $ PLQLPXPWHPSHUDWXUHRI& LV UHFRUGHGDWQRGHQXPEHU ZKLFKGHPDUNVLWVHOIDV+$= 7KH
+$=LVPPIURPWKH FHQWUH
)LJ  VKRZV WKH IRUPDWLRQRIQXJJHWDWWKHVKHHWPHWDOLQWHUIDFH 7KH GLPHQVLRQVRIWKHQXJJHWDUHREWDLQHGIURP
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WKHVLPXODWLRQ7KHOHQJWKDQGKHLJKWRIWKHQXJJHWDUHPHDVXUHGDQGIRXQGWREHPPDQGPPUHVSHFWLYHO\
2XWSXW UHVXOWVSURYLGHLQIRUPDWLRQDERXWWKHSKDVHWUDQVIRUPDWLRQ
)LJ  'LPHQVLRQVRIWKHQXJJHWZHOGRI36HW
%\DGRSWLQJ VLPLODU SURFHGXUH UHPDLQLQJ ILYHVLPXODWLRQV DUH FDUULHG RXW IRU LQSXWVSURYLGHG LQ WKH 7DEOH 7KH
PD[LPXPWHPSHUDWXUH ULVHDWWKHLQWHUIDFHRIWZRVKHHWPHWDOV LV REWDLQHG DQG VKRZQ LQ )LJ 
)LJ  0D[LPXPWHPSHUDWXUHDWWKHLQWHUIDFH IRUDOOVL[WUDLOV )LJ  1XJJHWIRUPDWLRQDWWKHVKHHWLQWHUIDFHIRUDOOVL[VLPXODWLRQV
7KHULVHLQWHPSHUDWXUHDFKLHYHGDWWKHLQWHUIDFHRIWKHWZRVKHHWPHWDOVLVGXHWR HOHFWULFDO UHVLVWDQFH RIIHUHGE\ WKH
VKHHW PHWDO 7KH KHDW GHYHORSHG FDXVHV WKH WHPSHUDWXUH WR ULVH DQG WKHUH E\ IXVLQJ WKH WZRPHWDOV VKHHW ZKLFK
FDXVHV WKHQXJJHW 6LQFH WKHPD[LPXPWHPSHUDWXUHRI36HWDQG36HWDUH LGHQWLFDO LH& WKHUHVXOWVRI
36HWDUHQRWFRQVLGHUHGIRUIXUWKHUGLVFXVVLRQ 5HVXOWV RIDOOWKHVL[VLPXODWLRQV DUH WDEXODWHGLQWKH 7DEOH 
7DEOH6LPXODWLRQUHVXOWVRI36HW36HW36HW36HWDQG36HW
'HVFULSWLRQ 36HW 36HW 36HW 36HW 36HW
&XUUHQW$     
)RUFH1     
7LPHSHULRG6HFRQGV     
0D[LPXPWHPSHUDWXUH&     
+$=GLVWDQFHIURPFHQWHUPP     
1XJJHWUDGLXVPP     
1XJJHW+HLJKWPP     
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9DULDWLRQ RI QXJJHW UDGLXV DQG KHLJKW LV VKRZQ LQ WKH )LJ  7KH QXJJHW UDGLXV YDULHV IURP PP DV WKH
FXUUHQWLVLQFUHDVHGIURP$$%XWIRUWKHVLPXODWLRQ36HWWKHQXJJHWGLPHQVLRQ LV UHGXFHGIURP
PPWRPPDVWKHUHLVPHWDOH[SXOVLRQGXHWRRYHUKHDWLQJLQGXFHG GXHWR KLJKFXUUHQW +ZDQJDHWDO
N- RIKHDWLVJHQHUDWHG ZKHQFRPSDUHGWRN- UHTXLUHG WRPHOWWKHPDVVRIWKHQXJJHW
 ([SHULPHQWDO7ULDOV
,Q VHFWLRQ VLPXODWLRQ UHVXOWV VKRZV PD[LPXP WHPSHUDWXUH ULVHDW WKH LQWHUIDFHRI WKH VKHHWPHWDOEXWSURYLGHG
YHU\OLWWOHLQVLJKWDERXWWKHVWUHQJWKRIWKHZHOGMRLQW 7R HYDOXDWHZHOGVWUHQJWK H[SHULPHQWDOWULDOVDUHFDUULHGRXW
IRUWKHVDPHLQSXWSURYLGHGLQ 7DEOH 
([SHULPHQWDO WUDLOV DUH FRQGXFWHGRQPP&5&$VKHHWPHWDO7KHZRUNSLHFHFRQVLGHUHGKHUH LVDVSHUZHOGLQJ
VWDQGDUGVRI5:0$ 8JXU(VPH WKHGLPHQVLRQVRIWKHVWDQGDUGVSHFLPHQ DUH VKRZQ LQ )LJ 
)LJ  'LPHQVLRQDOGHWDLOVDQGVWDQGDUGVRI56:VSHFLPHQ
7R GHWHUPLQH WKH VWUHQJWK RI WKH VSRWZHOGHG MRLQW WZR VHWV RI VSHFLPHQ DUH SUHSDUHG IRU HDFK LQSXW IURP'2(
7DEOH )LUVW VHWRI VSHFLPHQV DUH XVHG IRUSXOO ORDG WHVW DQGVHFRQGVHWRI VSHFLPHQV DUH XVHG IRUSHHORII WHVW
)LJ VKRZVDVHWRIVSHFLPHQSUHSDUHGDFFRUGLQJWR 7DEOH 
,QSXOO ORDG WHVW WKH WHVWVSHFLPHQ LV ORDGHGRQ WR WKH XQLYHUVDO WHVWLQJPDFKLQH7KH ORDG LVDSSOLHGRQ WKHZRUN
SLHFHWLOOLWEUHDNV DSDUW &KDR7KHORDGZKHUHLWEUHDNVLVUHFRUGHGDV WKHVWUHQJWKRIWKHZHOGMRLQW
)LJ  VKRZVWKHORDGYVGLVSODFHPHQWFXUYHIRU36HWH[SHULPHQWWUDLO,QWKHJUDSKLWFDQEHREVHUYHGWKDWZKHQ
WKHGLVSODFHPHQWLVDURXQGPPWKHZHOGMRLQWEUHDNDZD\ZKHQWKHORDGLVUHDFKHG17KHUHE\LQGLFDWLQJ
WKHPD[LPXPORDGZKLFKFDQEHZLWKVWRRGE\36HWLV17KHUHDVRQIRUEUHDNLQJDWORZHUORDGLVGXHWRWKH
LQVXIILFLHQW PHOWLQJ WHPSHUDWXUH DW VKHHW PHWDO LQWHUIDFH )URP )LJ  ZKHUH LW FDQ EH REVHUYHG WKDW PD[LPXP
WHPSHUDWXUHUHDFKHGDWLQWHUIDFHLV&ZKHQFRPSDUHGWRWKHUHTXLUHGPHOWLQJWHPSHUDWXUHRI& $OOVL[
VSHFLPHQV DUH VXEMHFWHG WRSXOO ORDG WHVW7KH WHVW UHVXOWV RI WKH VL[ H[SHULPHQWV DUH WDEXODWHG LQ 7DEOH  )LJ 
VKRZV WKHYDULDWLRQRI WKHEUHDNLQJ ORDGZLWKUHVSHFW WR VL[VSHFLPHQVZKHQVXEMHFWHG WRSXOO ORDG WHVW ,WFDQEH
REVHUYHG WKDW H[SHULPHQW QXPEHU 36HW KDV KLJKHVW VWUHQJWK RI N1 ZLWK GLVSODFHPHQW RI PP ZKHQ
VXEMHFWHGWRSXOOORDGWHVW
7DEOH5HVXOWVRIWKHSXOOORDGWHVW
'HVFULSWLRQ 36HW 36HW 36HW 36HW 36HW 36HW
%UHDNLQJ/RDGN1      
'LVSODFHPHQWPP      
7KHPD[LPXPORDGZKLFKWKHVSHFLPHQLH36HWZLWKVWDQGV LV IRXQGWREH17KH LQFUHDVHGVWUHQJWKRIWKH
MRLQW LVPDLQO\GXH WRRYHUKHDWLQJZKLFKFDXVHVPHWDO H[SXOVLRQ +ZDQJDHW DO 7KH )LJ VKRZV PHWDO
H[SXOVLRQLQ36HW DQG36HW+RZHYHU WKHPHWDOH[SXOVLRQQRWRQO\ULVHWKHWHPSHUDWXUHEXWDOVROHDGVWRKLJK
FRQVXPSWLRQRIHOHFWULFLW\ZKLFKLV QRWUHFRPPHQGHG
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)LJ  7HVWVSHFLPHQDIWHU56:SURFHVVHV )LJ  /RDGYVGLVSODFHPHQWJUDSKRI36HW
)LJ  %UHDNLQJORDGIRUVL[H[SHULPHQWDOWUDLOV )LJ 0HWDOVSXWWHULQJLQ36HWDQG36HW/WR5
3HHORIIWHVW LVDTXDOLWDWLYHWHVWFRQGXFWHGE\SXOOLQJE\IL[LQJRQH HQGRIWKHVSHFLPHQWRDYLFHDQGSXOOLQJWKH
RWKHUHQG 7KHUH LVQRTXDQWLWDWLYHGDWDWRGHWHUPLQHWKHZHOGTXDOLW\*HQHUDOO\WKHVH WHVWV DQDO\VHWKHIDLOXUHPRGH
RIWKHQXJJHW,QJHQHUDOWKHUHDUHWZRPRGHVRIIDLOXUHQDPHO\LQWHUIDFHIDLOXUHDQGQXJJHWSXOORXWIDLOXUH6HFRQG
VHWRIVSHFLPHQDUHWHVWHGIRUQXJJHWIDLOXUHPRGH$PRQJ WKH VL[ VSHFLPHQV RQO\ 36HWKDVFRPSOHWHQXJJHWSXOO
RXWIDLOXUHPRGHDVFRPSDUHGWRRWKHU DVVKRZQ WKH )LJ 
)LJ  1XJJHW3XOOLQVSHFLPHQ36HW )LJ  ,QWHUIDFHIDLOXUHPRGHLQVSHFLPHQ36HWDQG36HW/WR5
)LJ VKRZV WKHLQWHUIDFHIDLOXUH,W LV REVHUYHGIURPH[SHULPHQWDO DQGVLPXODWLRQUHVXOWV WKDWWRREWDLQEHWWHUZHOG
VWUHQJWKIRUPP &5&$ VKHHWPHWDOV WKURXJKUHVLVWDQFHVSRWZHOGLQJFXUUHQWRI $ZLWKVHFRQGV F\FOHWLPH
LVFRQVLGHUHGVDWLVIDFWRU\
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 &RQFOXVLRQ
3URFHVV SDUDPHWHUVHOHFWLRQRIUHVLVWDQFHVSRWZHOGLQJWKURXJKWKHUPDODQDO\VLVIRUPP&5&$VKHHWVLVFDUULHGRXW
XVLQJ 6<6ZHOG 7KH HIIHFW RI FXUUHQW DQG WLPH LV VWXGLHG RQ WKH VWUHQJWK RI ZHOG MRLQWV ,W LV REVHUYHG WKDW WKH
RSWLPXPTXDOLW\RIZHOGVWUHQJWKIRUPP&5&$VKHHWLVREVHUYHGIRU$DQGVHFRQGV 1XJJHWGLDPHWHU
YDOXHIURPVLPXODWLRQDQGH[SHULPHQWWUDLOVDUHLQDFFHSWDEOHUDQJH )URPVLPXODWLRQLWFDQEHREVHUYHGWKDW+$=
UHPDLQVDURXQGPPIURPWKHFHQWUHRIWKHD[LV0HWDOVSXWWHULQJLVREVHUYHGLQ H[SHULPHQWDO WULDORI 36HWDQG
36HWGXHWRRYHUKHDWLQJRIWKHMRLQW
5HIHUHQFH
$ * 7KDNXU 7 ( 5DR 0 6 0XNKHGNDU 9 0 1DQGHGNDU  $SSOLFDWLRQ RI 7DJXFKL 0HWKRG IRU
5HVLVWDQFH6SRW:HOGLQJRI*DOYDQL]HG6WHHO$531-RXUQDORI(QJLQHHULQJDQG$SSOLHG6FLHQFHV
&(6(GXSDFN6RIWZDUH9HUVLRQ*UDQWD'HVLJQ/LPLWHG8QLWHGNLQJGRP
'&.LP+-3DUN ,6+ZDQJ0-.DQJ 5HVLVWDQFH6SRW:HOGLQJRI$OXPLQXP$OOR\6KHHW-
8VLQJ6&57\SHDQG,QYHUWHU7\SH3RZHU6XSSOLHV$FKLHYHVRI0DWHULDO6FLHQFHDQG(QJLQHHULQJ9ROXPH
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